INTRODUCTION
Soil erosion process models can be studied for long as well as short periods. Among the available soil erosion and sediment yield models, the USLE, MUSLT (Theoretical Modified Universal Soil Loss Equation) and other revised versions of the USLE are some of the most commonly used worldwide (Nicks et al. 1994 , Banasik and Walling 1996 , Kinnell 2001 , Sadeghi 2004 , Sadeghi et al. 2007a , 2007b , Kinnell 2010 , Vemu and Pinnamaneni 2011 . Evaluation of the applicability of soil erosion models to a watershed is not easy, as it is difficult to accurately measure soil erosion in the field (Conoscenti et al. 2008 , Rawat et al. 2011 . In contrast, sediment yield models are easier to apply, because the data for these models can be measured at the watershed outlet (Kinnell and Riss 1998 , Erskine et al. 2002 , Khajehee et al. 2002 , Rezaeifard et al. 2002 , Cambazoglu and Gogos 2004 , Fontes et al. 2004 , Sadeghi 2004 , Kandrika and Venkataratnam 2005 , Kinnell 2010 ).
Soil erosion is one of the major hydrological hazards in Iran. However, Iranian soil conservationists are facing a tremendous problem identifying suitable models for estimation of soil erosion and sediment yield. To check the applicability of some such models in Iran, a selection of small watersheds is required for which agroclimatic and hydrological data are available (Khajehee et al. 2002 , Rezaeifard et al. 2002 , Sadeghi 2004 . These data are available for the Chehelgazi watershed of Gheshlagh Dam and form the basis of this study.
Previous research has reported that runoff is the best single indicator for sediment yield prediction (e.g. Williams 1975 , Sadeghi 2004 , Hrissanthou 2005 , Mishra et al. 2006 . The MUSLT has been used in different parts of the world along with different revisions (Nicks et al. 1994 , Sadeghi et al. 2003 , Sadeghi et al. 2007a , 2007b , Sadeghi et al. 2009 . Sadeghi (2004) applied different versions of the USLE (Nicks et al. 1994) and MUSLT for sediment yield and soil erosion estimation in the Amameh watershed in Iran. All the models overestimated sediment yield, but the results showed correlation coefficients greater than 0.95 for the sediment yield measured during storms. Accordingly, a constrained type of MUSLE was developed, which was more suitable than the original MUSLE for the study area. The new model was found to yield satisfactory results. The error of estimation and the average ratio between measured and estimated data for the constrained MUSLE model developed were -19.4% and 1.29, respectively. Sadeghi et al. (2007a) examined the suitability of MUSLT for the estimation of storm sediment yield in Zarinderakht watershed in Iran. The results showed that the MUSLT estimates were significantly different from the real values and, therefore, its application to the study area without calibration was not recommended. The relative error of the estimates for calibrated MUSLT model was 70.05% for all the storms. Sadeghi et al. (2007b) evaluated the applicability of tMUSLE to the small steeply reforested Mie watershed in Japan. The model was tested and calibrated using accurate continuous suspended-sediment data collected during eight storm events in 2004. The results of the original model simulations for storm sediment yield did not match the observed data, while the revised version of the model could simulate the observed values well. The study confirmed the efficiency of the revised MUSLE in estimating storm sediment yield in the study area with a high level of agreement (correlation coefficient 88.85%, p = 0.003). The estimation error was 14% and the statistical difference between observed and estimated mean values was non-significant (p = 0.691). Sadeghi et al. (2009) used different versions of the USLE in three standard plots installed in rangeland areas in Arak, central Iran. Evaluation of the results confirmed a good relationship among estimates produced by different models, but indicated the inability of the models to estimate measured sediment yield.
A review of the literature shows that application of MUSLT to estimate storm sediment yields is very limited, although the model is one of the USLE family. Therefore, the present research was conducted to study the applicability of MUSLT for storm sediment yield prediction in Chehelgazi watershed, Iran.
MATERIALS AND METHODS

Study area
The Chehelgazi watershed (27 233 ha) of Gheshlagh Dam, located between 46
• 45 and 46 • 57 E, and 35 • 25 and 35 • 38 N, as shown in Fig. 1 , was selected for the case study. The entire watershed falls in Kurdistan Province, has a mean slope of 17.57%, minimum, maximum and average elevations of 1550, 2840 and 2200 m a.m.s.l., respectively, and average annual precipitation of 294.2 mm. Some 23 465 and 3768 ha of the watershed are covered by rangeland (86%) and cultivated land (14%), respectively. The soil was classified as of sandy loam texture, with weak granular structure and slightly alkaline. There was one hydrometric station located at the outlet of the watershed. The station was equipped with a scale, limnograph and bridge (Sadeghi et al. 2008) .
RESEARCH METHODOLOGY Data collection
To achieve the study purposes, 11 storm events were selected for which sets of reported data were available. The rainfall characteristics were analysed with the help of raingauge charts recorded at the Hosseinabad climatological station, located 17 km east of the watershed centroid. The runoff specifications were determined based on data recorded at the hydrometric station situated at the main outlet of the watershed (Fig. 1) and by analysing runoff hydrographs. The amounts of sediment yielded for each storm event were calculated by analysing sediment graphs developed for the study events and through half-hourly (0.5 h) data sampling at 1-m spacing along the entire cross-section from the start to the end of the corresponding hydrographs. The information of the study storms is detailed in Table 1 .
Application of the MUSLT
In order to apply MUSLT as a modified version of the USLE (Wischmeier and Smith 1965) , the general form of the USLE (equation (1)) was applied for estimation of sediment yield per storm. The erosivity factor R, for the storm was calculated using equation (2), as proposed by Nicks et al. (1994) :
in which R is estimated as:
where Sy is sediment yield (t), Q is volume of runoff (m 3 ), q p is peak flow rate (m 3 s -1 ) and K, LS, C and P are erosivity, topography, crop management and soil erosion control practice factors, respectively, similar to the USLE model but applicable to the storm scale. The volume and the peak of the runoff were determined through hydrograph analysis. The average value of 0.045 in (t ha -1 ) [(t m cm) (ha h) -1 ] -1 was assigned to the soil erosivity factor (K) (Wischmeier and Smith 1978) . The topographic factors (L and S) were calculated using following formulae (Wischmeier and Smith 1978 (4) where λ is the projected horizontal distance (m), m varies from 0.2 for slopes <1% to 0.6 for slopes >10%, and θ is the angle to horizontal. The topography factor (L × S), determined using equations (3) and (4), was 17.761. The cover management factor (C) was estimated using the vegetation cover condition in the study area. The crop management factor varied from 0.16 to 0.35 with a mean value of 0.211. The conservation practice factor (P) was assumed to be 1 (Wischmeier and Smith 1978 , Renard et al. 1997 , Sadeghi et al. 2007b , as no conservation measures are applied to the watershed (Khaledi Darvishan et al. 2009) .
Statistical comparison
The model estimates were compared with the observed data obtained through analysis of recorded sediment graphs. Statistical comparisons were made using the determination coefficient (R 2 ), relative estimation and verification errors (RE) and coefficient of efficiency (CE), using equations (5)-(7) to evaluate the fitness, soundness and reasonability of the regression models, and finally supported by paired t-test (Das 2000 , Sadeghi et al. 2007 .
where S O , S AO , S E , S AE and N are observed sediment yield, observed mean sediment yield, estimated sediment yield (for estimation and verification stages), estimated mean sediment yield and number of observations in the data set, respectively.
The calibration procedure was made by applying different regression models and optimizing the coefficients and exponent of the models in MS Excel software to obtain the least-squares difference between the estimated and measured data and to optimize the statistical criteria R 2 , RE and CE.
RESULTS AND DISCUSSION
Applicability of the original MUSLT
All the required information and data were either collected or determined for application of the MUSLT model in Chehelgazi watershed of Gheshlagh Dam in western Iran. The watershed parameters and runoff data collected for 11 storm events that occurred between October 2006 and April 2007 were used to apply MUSLT, and the results are presented in Table 2 .
The MUSLT model overestimated the measured sediment yield in all storms (Table 2 ). Despite the overestimation by MUSLT and even the negative value of the coefficient of efficiency (-17.77%), the coefficient of determination between the measured and estimated values was found to be 0.636 (p = 0.05). The relative estimation and verification errors were 311.54 and 254.96%, respectively, for the application stage of the MUSLT. This confirmed the need for calibration of the MUSLT model for the study watershed.
Calibrated MUSLT
The calibration model (C-MUSLT) was developed through regressing the model estimates (independent variable) and observed data (dependent variable) and then optimizing the coefficient and exponent of the model in Excel. The result was equation (8): in the model performance. Observed sediment yield and yield estimated using MUSLT and C-MUSLT are compared in Fig. 2 .
CONCLUSION
Analysis of the results of application of the MUSLT model showed that the model did not perform well in estimation of storm sediment yield for the study watershed, an outcome similar to that reported by Sadeghi et al. (2003 Sadeghi et al. ( , 2007a Sadeghi et al. ( , 2009 in different parts of the world. This may be due to the inherent differences between data sets, the scale of the study and even variation in agroclimatic conditions. It is suggested that further studies at higher time and space scale resolutions be conducted in the same area, as well as different watersheds, to allow more comprehensive conclusions to be reached.
